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ABSTRACT
The present review provides an update 
of the available data and discusses 
research issues relating to ultrasound 
(US) imaging in osteoarthritis (OA).
Currently, the principal indications for 
using US in OA include: delineation of 
changes within articular cartilage (AC) 
and demonstration of synovial and ad-
jacent soft tissue pathology together 
with injection into OA joints under US 
guidance. US has been proposed as a 
possible imaging tool for following the 
progression of OA.
The main priorities requiring the atten-
tion of researchers include: addressing 
difficulties surrounding consensus on 
definitions of pathology in OA, chart-
ing the natural history of AC change 
in site specific OA, investigation of the 
link between inflammation and OA and 
the use of three-dimensional (3D) US 
in OA.
Introduction
Musculoskeletal ultrasound (US) has 
rapidly come to the fore in recent years 
as one of the most important tools of 
investigation for rheumatologists (1-5). 
Throughout Europe and beyond, rheu-
matologists are increasingly perform-
ing US themselves. Both the research 
available and training required has pre-
dominantly concentrated on the explo-
ration of inflammatory disease. There 
has, however, been increasing interest 
in the use of US to image and investi-
gate structural change in osteoarthritis 
(OA) (6-8).
Plain radiography has been the stand-
ard imaging technique for many years 
to both diagnose and quantify OA. This 
has inherent limitations including the 
indirect visualisation of the articular 
cartilage (AC) and inability to image 
co-existent soft tissue pathology. US 
can reliably quantify changes both in 
AC and soft tissues and would appear 
to be a neglected imaging modality in 
OA to date.
Research in the area has centred upon 
knee OA in particular and has attempt-
ed to address the following: compari-
son between US and plain radiography, 
correlation of US changes in AC with 
histomorphometry and the causes of 
pain in knee OA (9, 10).
This review aims to highlight the cur-
rent use of US in OA and discuss the 
available literature surrounding the 
topic.
Clinical applications
The principal indications for using US 
in OA include: delineating progressive 
changes in AC, demonstrating synovial 
changes within joints and the visualisa-
tion of adjacent soft tissue pathology (6, 
11). In addition, US can identify bony 
changes including osteophytosis and in 
rare clinical circumstances bone erosion 
as seen in erosive OA (6, 12, 13).
Grey scale US using high quality, high 
frequency linear transducers are re-
quired for imaging the finest details 
within AC. Classically the normal ana-
tomical details of AC are seen best at 
lower levels of power and gain (6). 
Power Doppler has limited use in OA 
to demonstrate hypervascularity of the 
synovial linings of joints and the inves-
tigation of the putative link between 
inflammation and OA (14, 15).
The application of US in OA also ex-
tends to the guidance of needles for in-
tra-articular injection of various joints 
and soft tissues (16-20).
Sonographic findings
The main pathological features detect-
ed by US in patients with OA are those 
related to cartilage damage, joint in-
flammation, and osteophyte formation 
(Table I) (Fig. 1).
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Normal AC has characteristic sono-
graphic features. It is bounded by an 
outer well-defined chondro-synovial 
margin which is thinner than its equally 
sharp, deeper osteo-chondral counter-
part. The echotexture is characteristi-
cally homogeneously anechoic or hyp-
oechoic depending on the level of gain. 
The thickness of AC not unnaturally 
varies according to the articular surface 
being examined (0.1 mm at the proxi-
mal phalanx to 2.6 mm at the medial 
femoral condyle) (6, 11).
A spectrum of change within AC can 
be charted with US. The earliest mor-
phostructural changes seen with US 
include loss of the sharp definition of 
the outer chondro-synovial margin and 
micro-cleft formation. This progresses 
to the loss of transparency of the nor-
mally homogeneous AC layer itself, 
sometimes mistaken for anisotropy or 
inappropriate setting of the machine. 
Inflammatory expansion of the AC 
can sometimes be detected in the early 
phases of OA but pseudo-widening of 
the joint space should be corrected by 
pressure applied by the probe over the 
area to disperse fluid to more accurate-
ly assess the thickness of the AC layer. 
In the later stages of OA the progres-
sive thinning of the cartilaginous layer 
is easily detected with US leading to 
eventual complete denudation of bone.
There is some debate about the signifi-
cance of an inflammatory process in 
OA (14). Certainly, US is able to de-
pict even minimal joint effusion, most 
commonly in the knee joint (10). Typi-
cally the fluid is anechoic although in 
OA it may appear inhomogeneous 
with particulate matter (possibly due 
to proteinaceous material, debris or 
calcified fragments), which may create 
posterior acoustic shadowing. Power 
Doppler rarely captures any significant 
indication of hyperaemia in these cir-
cumstances but this will require further 
study in large cohorts of OA patients. 
Small fluid collections can also be de-
picted in the distal inter-phalangeal 
joints in hand OA – perhaps indicat-
ing a mild degree of synovitis (12). In 
erosive hand, OA erosions similar to 
those seen in rheumatoid arthritis can 
be detected with varying degrees of 
clarity related to the interposition of 
osteophytes which may limit the width 
of the acoustic window (13).
One of the hallmark features of OA on 
plain radiography is the appearance of 
osteophyte at the joint margins. US can 
also depict these irregularities of the 
bony contour. It should be remembered 
that the hyperechoic rim of an osteo-
phyte will create acoustic shadowing 
and therefore obscuration of the adja-
cent bone surface. There appears to be 
excellent correlation of osteophytosis 
between US and plain radiography (6, 
7).
The full US assessment of any joint af-
fected by OA should also include as-
sessment of the adjacent soft tissues 
and occasionally abnormalities are 
visualised. Around the knee in particu-
lar, US can frequently demonstrate the 
presence of Bakerʼs cysts (19) and ad-
ditionally bursitis: superficial and deep 
infra-patellar and anserine with char-
acteristic hypoanechoic enlargement 
Fig. 1. Osteoarthritis. A. Hand. Distal interphalangeal joint. Heberdenʼs node. Dorsal longitudinal 
view showing an osteophyte (arrow) on the head of the middle phalanx (mp) and a mucous cyst (*) on 
the dorsal aspect of the basis of the distal phalanx (dp). B-C. Knee. Marked thinning of the articular 
cartilage of the femoral condyle (f) on suprapatellar transverse (B) and longitudinal (C) views. p = up-
per pole of the patella; q = quadriceps tendon. Image A taken with a Technos MPX (Esaote Biomedica, 
Genova, Italy) using a 10-14 MHz linear probe. Images B and C taken with a Diasus (Dynamic Imag-
ing, Livingstone, UK) with a linear 5-10 MHz probe.
For further ultrasound images, please go to www.clinexprheumatol.org.
Table I. Pathological conditions and corresponding US findings.
Pathologic condition US findings
Joint effusion Increased hypoechoic or anechoic intraarticular material, within synovial 
recesses, seen in two perpendicular planes (7).
 Hypoechoic or anechoic anteroposterior distention of the joint capsule (9).
 An anechoic area within the joint cavity (10).
Synovitis Hypoechoic synovial hypertrophy with diffuse or nodular appearance (10).
Popliteal cyst in patients  Mono or bilobed anechoic or hypoechoic area (6).
with knee OA Gastrocnemious-semimembranous bursa filled with hypoechoic material 
showing a transverse diameter greater than 4 mm. The ruptured Bakerʼs cyst 
may show a pointed distal aspect (7).
Mucous cyst in patients  Sharply defined anechoic area over the distal interphalangeal joint (12).
with Heberdenʼs nodes
Osteophyte Irregularity of the bone contour (6).
Cartilage damage Loss of sharpness of the cartilage margins (6).
 Loss of homogenenicity of the cartilage layer (6).
 Cartilage thinning (focal or extend to the entire cartilaginous layer) (6).
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of the bursal sac. Meniscal lesions can 
also be depicted with extrusion of the 
meniscal horns beyond the joint line. 
Literature review
To date much of the focus for rheuma-
tology sonographers has been in the 
exploration of the capability of US in 
inflammatory arthritis and soft tissue 
pathology. Relatively little has been 
published on OA, although it would 
appear that this imbalance is slowly 
being redressed.
The largest cohort of patients with pri-
mary OA to be studies with US was a 
pan-European venture investigating 
knee OA (10). The study involved 600 
patients and was designed to assess pa-
tients with a flare of knee pain within 72 
hours of onset with US. Primarily the 
group aimed to ascertain the involve-
ment of an inflammatory component to 
these flares. The investigators devised 
their own definitions for knee synovi-
tis and joint effusion. Power Doppler 
was not used owing to the difficulties 
in standardising machine settings be-
tween centres. Inflammation was found 
to be present in 46.3% of cases (2.7% 
synovitis alone, 14.2% synovitis and 
effusion and 29.5% effusion alone). 
The remaining 53.7% of patients had 
no US explanantion for their pain al-
though alternative sources of pain in 
adjacent soft tissues was not sought.
A sub-set of this large group of knee 
OA patients were further investigated 
with US by a Spanish group during 
this initial study to look for other pos-
sible explanations for pain otherwise 
unexplained by joint inflammation (9). 
They found in their 81 patients that US 
pathology frequently co-existed with 
primary joint pathology: 45.7% with 
meniscal lesions, 37% with Bakerʼs 
cysts, 8.6% with infra-patellar bursitis 
and 6.2% with anserine bursitis. 
Further investigation of pain in knee 
OA using US has demonstrated several 
features which also appear to correlate 
with pain including medial meniscal 
protrusion and medial collateral liga-
ment displacement (7). Medial menis-
cal protrusion also appeared to corre-
late with the degree of narrowing of the 
medial compartment of the knee (p < 
0.5).
The lack of any agreed standardised 
scoring system for degenerative change 
within AC has hampered investigators 
but recently a semi-quantitative grad-
ing system has been proposed by a 
Danish group who looked at both inter 
and intra-observer variability in assess-
ing cartilage damage in 100 patients 
with hip OA (21). They produced very 
encouraging kappa values indicative of 
good levels of agreement between in-
vestigators. 
Quantifying changes in AC in OA have 
also been the subject of various investi-
gators (22). These have invariably been 
in vitro studies using surgical speci-
mens and correlating with histological 
findings. Whilst there are obvious pu-
tative benefits from these studies to in 
vivo scenarios, further investigation in 
living subjects is required.
Some preliminary work has been done 
comparing the changes seen in OA us-
ing US and magnetic resonance imag-
ing (MRI). Whilst the data is encour-
aging this came from one small study 
performed in knee OA (23).
US has been shown to be of great clini-
cal benefit in injecting joints, particu-
larly the hip in OA and for accurate 
placement of steroid injection in the 
soft tissues surrounding joints affected 
by OA. Some studies have also em-
ployed US as a tool for verification of 
correct placement of corticosteroids in 
challenging joints and soft tissues.
Research agenda
The main priorities requiring the atten-
tion of investigators are listed in Table 
II.
Consultation of the current literature 
will make it clear that the sonographic 
investigation of inflammatory arthritis 
and soft tissue disorders occupy the 
minds of most investigators. Fortunate-
ly this imbalance has already begun 
to be corrected. The scope for further 
research using US in OA is therefore 
infinite.
Perhaps the greatest difficulty encoun-
tered by sonographers keen to further 
our knowledge of OA is the lack of any 
international consensus on definitions 
of pathology commonly seen in OA eg. 
synovitis and synovial hypertrophy in 
knee OA (10, 24). Individual investiga-
tors have therefore had to adopt their 
own dimensions thereby limiting re-
producibility between some studies. 
Certainly this area will require differ-
ent centres to collaborate and focus 
upon agreement, particularly for those 
keen to explore the links between in-
flammation and OA.
Furthermore, the increasing interest 
in using US as a tool to investigate 
structural change in AC will require 
long range cohort studies in large num-
bers of patients with OA at multiple 
sites to permit the natural US history 
of site specific OA to be charted. It is 
also likely that such studies will need 
comparator imaging modalities such as 
plain radiography and MRI to verify 
the changes. The advent of 3D US is 
also likely to stimulate great interest 
as a possible alternative to MRI in OA 
studies, particularly those concentrat-
ing on therapeutic effects of new inter-
ventions on AC (25).
Other exciting areas for future research 
include the use of US to investigate the 
link between calcium pyrophosphate 
deposition disease and OA, particu-
larly at the knee joint. US would seem 
to be a very promising imaging tool to 
enable such studies to take place (26).
The shift towards investigating AC, 
coupled with the expansion in the use 
of US by rheumatologist worldwide 
will hopefully galvanise into exciting 
research for the future.
Link
For further ultrasound images, go to 
www.clinexprheumatol.org/ultrasound
References
1. HUNTER DJ, CONAGHAN PG: Imaging out-
comes and their role in determining outcomes 
in osteoarthritis and rheumatoid arthritis. 
Curr Opin Rheumatol 2006: 2: 157-62.
2. GRASSI W, CERVINI C: Ultrasonography in 
rheumatology: an evolving technique. Ann 
Rheum Dis 1998; 57: 268-71.
Table II. US imaging in OA: research 
agenda.
International consensus on validity issues in OA
The role of inflammation in OA
US imaging of the natural history of OA
Quantitative change in AC with 3D US
Calcium pyrophosphate deposition disease and 
OA
175
IMAGINGUltrasound imaging in osteoarthritis / G. Meenagh et al.
3. FILIPPUCCI E, IAGNOCCO A, MEENAGH G 
et al.: Ultrasound imaging for the rheuma-
tologist. Clin Exp Rheumatol 2006; 24: 1-5.
4. MEENAGH G, FILIPPUCCI E, KANE D, TAG-
GART A, GRASSI W: Ultrasonography in 
rheumatology: developing its potential in 
clinical practice and research. Rheumatology 
2007; 46: 3-5.
5. GRASSI W, FILIPPUCCI E: Ultrasonography 
and the rheumatologist. Curr Opin Rheuma-
tol 2007; 19: 55-60.
6. GRASSI W, FILIPPUCCI E, FARINA A: Ultra-
sonography in osteoarthritis. Semin Arthritis 
Rheum 2005; 34(Suppl. 2): 19-23.
7. NAREDO E, CABERO F, PALOP MJ, COLLADO 
P, CRUZ A, CRESPO M: Ultrasonographic 
findings in knee osteoarthritis: a compara-
tive study with clinical and radiographic as-
sessment. Osteoarthritis Cartilage 2005; 13: 
568-74. 
8. JUNG YO, DO JH, KANG HJ et al.: Correlation 
of sonographic severity with biochemical 
markers of synovium and cartilage in knee 
osteoarthritis patients. Clin Exp Rheumatol 
2006; 24: 253-9. 
9. DE MIGUEL MENDIETA E, COBO IBANEZ 
T, USON JAEGER J, BONILLA HERNAN G, 
MARTIN MOLA E: Clinical and ultrasono-
graphic findings related to knee pain in oste-
oarthritis. Osteoarthritis Cartilage 2006; 14: 
540-4
10. DʼAGOSTINO MA, CONAGHAN P, LE BARS 
M et al.: EULAR report on the use of ultra-
sonography in painful knee osteoarthritis. 
Part 1: prevalence of inflammation in oste-
oarthritis. Ann Rheum Dis 2005; 64: 1703-9.
11. GRASSI W, LAMANNA G, FARINA A, CERVINI 
C: Sonographic imaging of normal and os-
teoarthritic cartilage. Semin Arthritis Rheum 
1999; 28: 398-403.
12. GRASSI W, FILIPPUCCI E, FARINA A, CER-
VINI C: Sonographic imaging of the distal 
phalanx. Semin Arthritis Rheum 2000; 29: 
379-84. 
13. IAGNOCCO A, FILIPPUCCI E, OSSANDON A 
et al.: High resolution ultrasonography in de-
tection of bone erosions in patients with hand 
osteoarthritis. J Rheumatol 2005; 32: 2381-
3.
14. KRISTOFFERSEN H, TORP-PEDERSEN S, 
TERSLEV L et al.: Indications of inflamma-
tion visualized by ultrasound in osteoarthritis 
of the knee. Acta Radiol 2006; 47: 281-6. 
15. WALTHER M, HARMS H, KRENN V, RADKE 
S, FAEHNDRICH TP, GOHLKE F: Correlation 
of power Doppler sonography with vascular-
ity of the synovial tissue of the knee joint in 
patients with osteoarthritis and rheumatoid 
arthritis. Arthritis Rheum 2001; 44: 331-8.
16. ROBINSON P, KEENAN AM, CONAGHAN PG: 
Clinical effectiveness and dose response of 
image-guided intra-articular corticosteroid 
injection for hip osteoarthritis. Rheumatol-
ogy 2007; 46: 285-91.
17. QVISTGAARD E, CHRISTENSEN R, TORP-
PEDERSEN S, BLIDDAL H: Intra-articular 
treatment of hip osteoarthritis: a randomized 
trial of hyaluronic acid, corticosteroid, and 
isotonic saline. Osteoarthritis Cartilage 
2006; 14: 163-70. 
18. POURBAGHER MA, OZALAY M, POUR-
BAGHER A: Accuracy and outcome of sono-
graphically guided intra-articular sodium 
hyaluronate injections in patients with oste-
oarthritis of the hip. J Ultrasound Med 2005; 
24: 1391-5.
19. ACEBES JC, SANCHEZ-PERNAUTE O, DIAZ-
OCA A, HERRERO-BEAUMONT G: Ultrasono-
graphic assessment of Bakerʼs cysts after in-
tra-articular corticosteroid injection in knee 
osteoarthritis. J Clin Ultrasound 2006; 34: 
113-7. 
20. MANDL LA, HOTCHKISS RN, ADLER RS, 
ARIOLA LA, KATZ JN: Can the carpometa- 
carpal joint be injected accurately in the 
office setting? Implications for therapy. J 
Rheumatol 2006; 33: 1137-9. 
21. QVISTGAARD E, TORP-PEDERSEN S, CHRIS-
TENSEN R, BLIDDAL H: Reproducibility and 
inter-reader agreement of a scoring system 
for ultrasound evaluation of hip osteoarthri-
tis. Ann Rheum Dis 2006; 65: 1613-9.
22. SAARAKKALA S, LAASANEN MS, JURVELIN 
JS, TOYRAS J: Quantitative ultrasound imag-
ing detects degenerative changes in articular 
cartilage surface and subchondral bone. Phys 
Med Biol 2006; 21; 51: 5333-46.
23. TARHAN S, UNLU Z: Magnetic resonance 
imaging and ultrasonographic evaluation of 
the patients with knee osteoarthritis: a com-
parative study. Clin Rheumatol 2003; 22: 
181-8.
24. CONAGHAN P, DʼAGOSTINO MA, RAVAUD 
P et al.: EULAR report on the use of ultra-
sonography in painful knee osteoarthritis. 
Part 2: exploring decision rules for clinical 
utility. Ann Rheum Dis 2005; 64: 1710-4. 
25. LANDES CA, GORAL W, MACK MG, SADER 
R: 3-D sonography for diagnosis of osteoar-
throsis and disk degeneration of the tempo-
romandibular joint, compared with MRI. 
Ultrasound Med Biol 2006; 32: 627-32.
26. GRASSI W, MEENAGH G, PASCUAL E, FILIP-
PUCCI E: “Crystal clear”- sonographic as-
sessment of gout and calcium pyrophosphate 
deposition disease. Semin Arthritis Rheum 
2006; 36: 197-202.
